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10. On A Fossil Elephant, Palaeoloxodon 
aomoriensis, from Shichinohe, Kamikita- 
gun, Aomori Prefecture, Japan. 


By 
SHIGEYASU TOKUNAGA and Fuyus! TAKAI 
[Received February 27th; read February 29th, 1936] 


Thirty years ago, some fossil remains of an elephant were 
unearthed from a Pleistocene deposit at Tenjinbayashi, on the 
right bank of the Shichinohe-gawa, near the entrance to the town 
of Shichinohe, Kamikita-gun, Aomori prefecture. Recently the 
senior writer was informed of this excavation by Mr. Yaichiro 
YAMAGUCHI, and received two photographs of these fossil remains 
and of the locality of the excavation from Mr. Kenji AraKawa, 
instructor at the Aomori Normal School. He later learned that 
the fossil specimens are now preserved at the Tokyo Agricultural 
College through the efforts of Mr. Shuzo Isurpa, one of its profes- 
sors. They consist of a complete right lower cheek-tooth, many 
fragments of the next cheek-tooth (unworn), an almost complete 
right incisor tooth, a fragment of a right mandible, and a left 
ulna together with many fragments of bones that had belonged to 
the same animal. The senior writer then reported the occurrence 
of these remains, together with the description of a new species 
Palaeoloxodon aomoriensis ToxunaGa and Taxayr, in the Journal 
of Geography, published by the Tokyo Geographical Society. 

According to Mr. Kinji Kanrnara, this Pleistocene deposit, 
which is developed extensively on the environs of, and along the 
eastern part of the town of Shichinohe, consists chiefly of alter- 
nations of grayish coloured clay and sand, and gravel, intercalated 


(325) —— 


On A Fossil Elephant, Palaeolowodon aomoriensis, from Shichinohe 255 


with lenses of dacitic pumice, and covered with volcanic detritus 
from Mts. Hakkoda and Iwaki. In the western part of Yamadate 
near the town of Shichinohe, basal conglomerate nearly one meter 
thick covers the Tertiary formation unconformably. The pebbles 
of the conglomerate bed consist of liparite, two-pyroxene andesite, 
quarzite, and slate. At Saiichida and Sakainosawa there is a bed 
of Ostrea gigas THumBrerc. Mr. Junzo Ourara reported Ostrea 
denselamellosa LiscHKE from the neighbourhood of Furumaki. 
Judging from the fossil remains of the elephant and the topogra- 
phy of the region, the geological age of the deposit of this district 
may be Upper Pleistocene. 

Acknowledgement and thanks are due to Messrs. S. IsHmpa 
and K. Arakawa for their courtesy in permitting the writers to 
study the collection and the photographs, as also to Mr. Y. Ya- 
mMaGucHi for having kindly informed us of the excavation. The 
writers have the further pleasure of expressing here their thanks 
to Mr. K. Kanenara for his geological investigation and to Mr. 
H. Kuno for his determination of the voleanic rocks. 


Palaeoloxodon aomoriensis ToxunaGa and Taxat, 1936. 
Plates 13 (3), 14 (4) 
1936. Palaeoloxodon aomoriensis, Journ. Geogr Soc. Tokyo, Vol. XLVIII, No, 564, 
pp. 67-70, pl. 1. 


INCISOR 


The almost complete right incisor tooth measures 770mm 
long and is twisted slightly to the right. The diameter at the 
middle is about 52mm and at its proximal part about 65.5 mm. 
Its curvature approximately equals that of the circumference of a 
circle of 800mm diameter. 


LOWER MOLAR 


This complete and excellently preserved cheek-tooth belongs 
to the right ramus of the mandible described below. The grind- 
ing surface of this molar has the form of an elongated ellipse. 
The present specimen retain fourteen ridge-plates. If the fore- and 
hindmost ones are assumed to be the fore and aft talons respect- 
ively, the ridge-plate formula is X12. The length of the molar 
on its grinding surface measures 126mm, its width is 47 mm at 
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the fifth ridge-plate, while the distance between the base of the 
crown and the grinding surface is 96mm at the twelfth unworn 
ridge-plate. At the well worn anterior ridge-plates the enamel 
figures expand in their mesial parts and show a distinct lozenge 
outline. The lateral sides of each ridge-plate slightly curve in 
anterior direction. The cement layer is generally thin, the pos- 
terior angle of one touching the anterior angle of its neighbour. 
The plication of the enamel layer, which is 1.9-2mm thick, is 
very strong. The lamellar frequency is nine-and-a-half in a stan- 
dard length of one hundred millimeters. This specimen may be 
the first true molar. Besides, there are preserved some broken 
ridge-plates of au unworn next molar. One of them measuring 
87.5mm high, 51mm wide, and 13mm thick, has six mammilae. 


MANDIBLE 


The mandible is a fragment of the right mandibular ramus 
containing a well-worn molar (above mentioned). The condyloidal 
and the coronoidal processes, the symphysis, the lingual side of 
the fragmentary ramus, and the anterior part of the alveolar margin 
are broken off. The anterior border of the upper portion of the 
‘coronoidal process is almost perpendicular to the alveolar margin. 
The lower border of the horizontal ramus and the posterior border 
of the ascending ramus is curved, its curvature being approxi- 
mately equal to that of a circle of about 250mm radius. The 
alveolar border and the lower border of the horizontal ramus 
converge backward at an angle of about 25°. The height of the 
horizontal ramus is smallest at the base of the coronoidal process. 
The mandibular ramus measures as follows (in mm.) : 


Length from anterior end of the broken coronoidal process to 


posterior end of the broken condyloidal process. ................ 205 mm 
Depth of horizontal ramus just in front of the base of the 
ASCENDO MTATI US tere rntr ty aiaaie abe asaee tie mitre ers ites Aster diovstnnets owns Eis oh 106 
Height to the broken condyloidal process................... 0.005 ca 240 
Height to the broken coronoidal process. ...0..0....cceceneeere ss ca 180 
Distance between grinding surface and alveolar margin. ............ 38 
ULNA 


The specimen belongs to the left side, the anconaeus process 
having broken off. Its measurement is as follows (in mm.) : 


SO Ee ee 


A Ucyrll sate loWnenbombemmomnebpone.s Sradcun. Cou OuacaadonGUcccas once ns 5 310mm 
Greatest breadth of proximal plane of articulation. ...............- 124 
Greatest, breadth of distalliextremitys Ga-ce-eoees +22 sere tee 100 
Girth 2b MLO Ge: s sseterecie orate soe cin eee Men eoate ae ers ecg ere 174 


Judging from the size of the molar, the number of ridge- 
plates, and the length of the left. ulna, the present species is the 
smallest type of palacoloxodont group ever described from Japan 
or elsewhere. On account of the very distinct lozenge-shaped ena- 
‘mel figures, the species resembles P. tokuwnagai Matsumoro, but it 
has a higher lamellar index. Neither P. nawmanni MaxkiyamMa, 
P. namadicus setoensis Maxtyama, P. namadicus yabet Matsumoto, 
nor P. yokohamanus ToxunaGa has the higher lamellar frequency 
that is found in the present species, nor has the distinct loxodont 
enamel figures. The writers therefore regard the present fossil 
species as a new undersized Palaeoloxodon. It is considered that 
Palaeoloxodon namadicus Fauconer and Cauriey probably mi- 
grated from India to Japan during Upper Pliocene or Lower Pleisto- 
cene. After that migration several Japanese Palaeoloxodon was 
derived. According to the assumption that the lamellar frequency 
is an indication of the evolutionary stage of an elephant and to 
Mr. K. Kanenara’s opinion that the bed containing the fossil 
remains belongs to Upper Pleistocene, the writers suppose that the 
present species may be. the Upper Pleistocene type of Palaeoloxodon. 


Palaeoloxodon aomoriensis (CEC GD 
fe ok BR my HbA = 
HA LAGARE AR CC #30 SERAZRIKDIRR OD PSST PEP d 6b BEIL S LEB O 
CHSo HUI — MMIC I SLMINSAE, THE, AF, Ro, SHED, DESS 
BER SALIH, GE LA CHE, B-BAWNETAE, ARR, ROS, =O 
Hr DSR ESR AKER ICR TE SAU THES o 
SLE GeV — EE 0 ARICA Sb DCH IS FE O— Alia DS EE 2 AWE IC 
Tad Lio HORTRIC FUER GA AFAR IL EA ROHE CBS LV Sso 
Palaeoloxodon acmoriensis ToKuNAGA and TAKAI 
FRAICHE 2 SAE mL TIERS & tet. MEO ze 2 Y | RU 12 oe 


(ees a 
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eAS . WAM ICH S52 314 126mm, Rise ICC 47 mm, BE LIT L Ofo 
fa SBP oBICT 96MM CHS. kL ¢ BMS re Bit KRLABBe ee, Hepes 
BUICK L ARGMBIL CHICA, SSANBEICIS CT) BICHSED 3, Aft WAR CHEM Te 
Palaecioxodon namadicus Ofyirk 0 OBOWEIE ERTS, HEME DMs IER (CBR , 
BOER 192mm 43, 100mm KcHEnTAMis 95 CHS_ 

TE LBB CHO CHR ES) OR ITE L CR SEU BOB AB ORAM DS 5 

PmaeA USES IC CHS 710mm, Pe ewicc 52mm, MIC Cc 65.5 mm, }h 
MAS (STE 800mm D/A O—vICH Bt 5. HF CHS. 

PHB BRR, DORR, ReRRUA MH OB AHA L CHES 6 

Redes 310mm cc, EYRE OAL CHS 6 

$-BRAMOAY SX, 100mm CHER SsRMRUEREO Kor EL Y AHS HAA 
ASBOSP BY ICES CHEF SB t-te Palaeoloxodon Bic lb L/WoOBCSh So EBRETHE, BE IX 
PRPS THE IC FOE XY PEAR LK SRAAICH CHMORICIMELK OCHS, 100mm ic 
BEN SRARAABORE RAS LOLMETRNIE, Al LPRMUICBTSeox 
ABS, HBC CAS © WAR LIED IR Lic uo 


Explanation of Plates 13 (3), 14 (4) 
Palaeoloxodon aomoriensis ToKUNAGA and TAKAI. 


Fig. 1. Crown view of first true molar. x 2/3. 


Fig. 2. Outer view of same. x2/3. 

Fig. 3. Left ulna. 1/3. 

Fig. 4 Outer view of right mandible. x 1/3. 
Fig. 5. Incisor. x1/6. 
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11. RO HER, Microporina articulata 
(Faprictus) (Cf°T 


Ke Bw Ez 
(W411 42 2 O27 aes, 2 A 29 AARBEI 


Se ae rita Gee Alaris hSrenlis (BUS) 2 ac N REST 
7ePRG REREC, Fasricrus (Ck) Groenland 53 PMIC HK Si 7 bOTH 
3, F. Bore [2] (Ck Sz arctic, boreal (COMET SRL AN TH SRKALE 
GILK IC HE CHRO T DT HM CIE Queen Charlotte Is., Vancouver, | 
California (c, PORICIMIELF BICHON CHS, RICA b Micropo- 
rina japonica Canu & BassueR £ LCiddka ne dsO BUT SX Wy 
RY LEA DNS MILES. WHEL LTORMNAIERO 43 OR DB 
TEE CRRERVEUERTC HS 6 

DUP Ic BASE EAE (CER IC HE CART S PEARAFIC HPO CHE 
ERS Lieb AUR AEBR ERAS), GNIS CER), Be Clete 
isPeAGA), FEE CVE RHEA) ORIRICTR< Le, 


Microporina articulata (Fapricrus) 


Cellularia articulata, FApricrus, 1821, p. 27. 

Salicornaria borealis, BusK, 1855, p. 254, pl. 1, figs. 1-3. 

Cellaria borealis, SmitT, 1867, pp. 238 and 361], pl. 20, fig. 17; Hrycxs, 1882, p. 463; 
Rosertson, 1905, p. 287, pl. 14, fig. 86 and pl. 16, figs. 1-3; Oxapa, 1933, p. 
214. 

Microporina borealis, Levrxsen, 1909, p. 162; O’Donocuue, 1926, p. 49. 

Cellaria articulata, NoRDGAARD, 1906, p. 8. 

Microporina articulata, Bora, 1933a, p. 526. 

Microporina japonica, Canu and Basstrr, 1929, p. 139, pl. 14, figs. 9-11. 

1. Description of specimens from Tugaru Strait. 
Zoarium free, branched. Internodes cylindrical, consisting of 
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11 rows of zooecia. 

Zooecia rectarigular, much elongated, separated distinctly ; 
mural rim finely granulated, very thick, a little narrower than 
or as large as one half the width of depressed cryptocyst, broadest 
at the middle, tapering distally and proximally. Cryptocyst deep, 
ornamented with granules somewhat larger than those on raised 
rim, punctured, bearing two small opesiules on each distal corner. 
Opesium transverse, semielliptical with straight proximal border. 
Avicularium with pivot, independent, large, elliptical, situated 
above the aperture, bordered with raised and granulated rim as 
the zooecia; its mandible directed proximally. Rosette-plate uni- 
porous, 6 to 8 on each lateral wall. 

Occurence. St. 646 (I. F.E.S.), North of Gongensaki; 41°13/N; 

140°12'45'' Hs 123 ma. . 
St. 9150027 (H. D.I.N.), off Sirtyasaki; 41°28’48’N; 141° 
32/30"E; 66m. 

2. Description of specimens from Sado Is. 

_Internodes slender, consisting of about 10 rows of zooecia. 
Mural rim narrower than that of Tugaru specimens. Opesium 
variable in size, sometimes nearly elliptical, slightly - contracted 
proximally, with straight. proximal border. 

Occurence. Pliocene. 

Sawanemati, Sado Is. 

3. Description of ‘specimens from Hokkaido. 

Internodes usually cylindrical, sometimes rather compressed 
and expanded distally. In the latter case, they consist of about 
16 rows of zooecia. 


Zooecia of the cylindrical part, similar to those of Tugaru 
specimens. Those of the expanded part, a little elongated, sub- 
hexagonal, separated by thin mural rim; cryptocyst depressed, 
almost flat, finely granulated, punctured by rather large pores; 
opesium large, longer than one third the zooecia, semiorbicular 
with straight proximal border; opesiules sometimes indistinct. 

Most of the differences between zooecia of these two types seem 
to owe to the different degree of calcification. 

From the same localities, there are collected, though not so 


frequently, another delicate and slender form. Its internodes con- 


RON) eee 
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sist of about 10 rows of zooecia which are elongated, rectangular 
and bordered by thin mural rim. The opesium is large, a little 
transverse and elliptical. The avicularium is somewhat smaller 
than the opesium. Notwithstanding of the shape of opesium being 
elliptical, I have placed this form under the same species, as forms 
above described. é 

Occurence. Setana Series (Pliocene). 

Yubetu-mura and Kuromatunai-mura, Zyuto-gun, Siribesi, 
Hokkaido. 
4. Description of specimens from the Noto Peninsula. 
Microporina articulata var. notoensis nov. 

Internodes slender, cylindrical, formed of about 10 rows of 
zoo0ecia. 

Zooecia narrow, elongated, rectangular, arranged linearly. 
Frontal cryptocyst almost flat, granulated, minutely punctured, 
slightly raised distally. Mural rim thick, one fourth to one third 
the width of depressed cryptocyst. Opesium small, fairly trans- 
verse, semielliptical with proximal border, straight or somewhat 
concave. Opesiule small, four to five on each side. Avicularium 
independent, narrower and higher than opesium. 

This form is characterized by its smaller dimensions and by 
the occurence of many opesiules. 

Occurence. Nanao Beds (Middle Miocene). 


Environs of Nanao-mati, Isikawa-ken. 
Measurements (mm) :— 


Zooecium Opesium Diameter 


5 7 of 
Length Width Height Width Internode 


' Localities 


Tugaru Str. y bi 
(St. 646) 0.80-0.10 0.25-0.30 0.10 0.18-0.20 1.0-1.17 


Sado / 0.84 O25s5 0.12 0.18-0.18 0.84-1.0 
Hokkaid6 
(expanded pt.) 0.75-0.84. 0.33-0,.38 0.15-0.20 0.18-0.23 about 2.2 
(cylindr. pt.) 0.75-0.84 0.33 0.10 0.20-0.22 1.17-1.50 


(thin form) 0.84 0.25-0.28 0.13-0.17 0.17-0.18 1.0 
4. Nanao 0.67-0.79 0.28 0.08 0.13-0.15 0.84 
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1909 4% Luvinsen [45, p. 162] It Cellaria borealis (Busk) Surrr % tf 
sth L LU CIHB Microporina ¥IFZ. % Mieroporidae (Cx LH7e, JELLY 
[48, p. 40] Ik Onchopora borealis BusK [6, p. 213, pl 28, figs. 6, 7] &% 
BELO AG & UK LeA, Zlk ascopore $b AHO areolae % HAC 
AZ BICH CHIE SNECHS, BH MIA Ascophora © Tubucella- 
“ piidae PAYEIC HEE NZ LOTHH 5, 1929 AF ViCHEWEL ) Microporina 
japonica & UT Canu RU Basser (CfKOTHMHS?N BOM, MAKICE 
Zk opesium ROBB KV PSvHC M. articulata PEBAWNSNSLW 
Dro LAF OVET DRA LIC HE LITTILO HUMIC SLB #1 338i ) CH ), Rovenr- 
son OlalatL7 California OPA LASDHI M. japonica (Ck S, ES 
M. japonica lk M. articulata Of yy LT~XCBS, 

Microporina articulata © 
1) {fii} (Internode) 7% 

Arctic, boreal e¥i/< California OPMAC ILE club [LOCH ADS, Aries 
WEE ROULAEEA CIS ATK C So ALE PEO (LAC Id BAN © Ae ABATE ¢ 
HEADS DS, WIE LEMLIC HEA var. notoensis (tH LENS, TEYERROR AAS Ic 
Ko 
2) 4 mR Mt 

© OFF OWA AS tek 3 IEE (CSREES (CER & OI BLS S BIBI OFC 
DOP, FIC opesium OF Ik, KSICHA0S VOL ERE BTS, Opesium 
It bacOW) sfc LG SON < HS BMELBV LOCHOT, COKE, BO 
HEOB-KAO LOCH SPIKNO LOCH SADIAWAIC HO Ti (CHE 
KET SMES. M. japonica Canu & Bassuer OF#PIlirt ia C Ake Else 
Bs DAB ER ORAL LEAK LIA, HOBIE IL MERRIL BUT EREICRE 
LN CHOM, MATLBD CHS, ZHOBMILE L UTHARILOBE ORM 
Wp ZEIRICIE ( OCH 65, Opesiule /£ opesium FEAALMEHN OH 55 (CRE 
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SREVETH OB, ZIL CERO ARILO# LY b OR ILIA EO ARE 
OBVEAO MAA BHI SNS 


Microporina KU 4 OUR, WOE ICKRGODMICHT 

Microporina |& Verminaria (hi) -3kIc Coilostega t}@ Calpensiidae 
CAN SNTHS. WECIL opesiule 3H 2 (A, HK CMiStHE, Membdra- 
nipora oblonga BusK [5, p. 34, pl. 2, fig. 3]) CIA AN ICRUS § HROBTZS 
FH —- ORM LEN TCHS, Verminaria MEZIWO opesiule #H}OBL ETC 
Foraminella Leyinsen [18, p. 166], Puncturiella Levinsen [16, p. 373] 2S 
DS, | 

Microporina articulata Clit opesiule (Liiiy 2 (CAREC H S, THLE 
5 FEUER BAS & MMIC LS b, WR LHR EL OPICIF SD TC, TERINID 2 
(HOWARE? opesiule DUPIC 2,3 HO/FLBAERN TD SBBSS, LO 
FLISHER EOL E VEGAS (, COLVBEChOK BOE var. noto- 
ensis FOS S/|\ opesiule CHS, Microporina OfhO—fii M. elongata 
(Hincxs) jt }itacddk [41, p. 380, pl. 16, fig. 4] IC kHIF opesiule (LTP Ae 
RE —-ACH SPS, WatTERS [LY CROBAO BML EO BI, FOR 
Meek kL Tak) (CHS'FS opesiule OBL Micropora lepida 
Hinoks 'Foraminella OAR) ON LIC ELA Lik LT DS 
[25 p. 8, pl. 1, figs. 21, 22], a< Om Microporina Bitsy & Uc 
opesiule % —¥} Laste7eva7zs, BAAMANIC HVE BUM RR TRS & LI Hus he bt 
\o, WATERS /t JULLIEN, Levinsen 2/6) opesiule OPAJRE & UCOle 
THER < ERD Micropora JBEIVUPeDS, VW ic Mivitw E. Marcus |t M. 
elongata % M. coriacea (ESPER) Jr H4POBLIC ANAK Hii CHS, TO 


Marcus OBNLUY < (MikaVELTB, LK LS opesiule OMTAY, KSAT 
IAC WHO ThA DEV CHEH, 


1) COPA M. elongata CFAICAE LES PAP ICT MRM OPUS, LY 
( £% forma elt var. £ LC—HED IARI DBE Luv, 


ae 
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Verminaria J [44, p. 78] ELCMSNTHS LOMA V. oblonga 
(Busk) 4 V.areolae SakaKuRA CHS. FRALEICRA TK LAP K 
us M. elongata (CUEMF STIL \ % opesinle ABO Bib 
Verminaria (Cj LO 7e (22, p. 13], 1 LAMSVALIL BUsHe Tike Sst eA L 
Ch, COMRBILITAL opesiule kb) SAS ELAS HOLOLA 
A DAS V.areolae |k Microporina areolae (SAK.) LEDKV. V. oblonga 
it Coralline Crag 15 HU Sav C LAW ie 6 OPE Sh & Hats ods FBT 
Bit ZACH, Sik endozoecial (?) ovicell, HARE: FIO opesiule % 40 
He, EOP. FEE LC Verminaria BEBDTCREKYS 

Bife Puncturiella + UTIKO LOAMENTCHSS, (i >RWO AE 


HOPE C BS 6 
1. Puncturielia gudumensis LEVINSEN (Bis Fi) 
2 oP: areolata VoicrT 
32P. mediopunctata VoiaT 
th 92) exsculpta (MARSSON) 
Lspeaney 2 sculpta (D’Orpiany) [HbyG Senonian fe, Canu 2®U Bass ier, 


8,-p. 37) 

VoieT (k Foraminella & Puncturiella & lt iA Ypk%y ER~eAS, LEVINSEN 
DBA CLIT RRA O WEB WIC Lig ORO TC HAOMEICE LC Pune- 
turiella *ERI LF [24, p. 488], Mi 4% hyperstomial ovicell HOT 
DOD, CORM LIGET SIC ILID. GRE, Opesiule OHEE EMIRT SSM 
BCHS, 

1B Puncturiella LANKELO\W, PPBMOSZD P. sculpta [EseIc it 
AYR opesiule PEAT die, 9, p. 72, pl. 655, figs. 16-18] ¥BE< z, (1, 
(2) (Clk hyperstomial ovicell 8H ) (3), (4) (clk ovieell [24 BUNCH, 
AD (8) IEW, opesiule OBEERASIE MIC Microporina areolae (CCA 
So k6< 4) ERIC Microporina CBT~X LOCHSSI, 

LICR LIBIAELED Canv Kor Basster Opi (7, p. 285 1, p 
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26] ic EHH Anasea, Division Coilostega OKO RRL IC HUE 2UMTAB, 


@alpensitdae! eee ct o.c s aa Microporina, Verminaria 
Thalamoporellidae .......... Puncturieila 
Aspidostomatidae .......... Foraminella 


ZL Vorer (CkLHe Puncturiella=Foraminella | Aspidostomidae (=As- 
pidostomatidae) Ic/B74 [24], Calpensiidae |tovicell FILA eh 
Bite ek PSPs Verminaria /LppMO WM < KIA SWABHC AN SH 
BIC OwphuM, Puncturrella & Foraminella &|£HICHSIC LTS, BEC 
BCH SS LH ARE, 
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On Microporina articulata (Fapsricius), a Chilostomatous 
Bryozoa. (Résumé) 
By 


Katuhiko SaAKAKURA 


1. The first occurence as fossil of Microporina articulata is reported. 
2. Recent and fossil specimens of this species and a new variety of 
it (var. notoensis) from Japan are described. 
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PRO AER Microporina articulata (FaBRicius) IC#ET 267 


3. Microporina and related genera are discussed. 


Explanation of Plate 15 (5). 


(All the specimens are magnified x16.) 


Microporina articulata (Fabricius) 

Fig. 1. Recent specimens from Tugaru Strait (123 m). 

Fig. 2. Longitudinal section of same specimen showing avicularium (a), opesium 
(o), depressed cryptocyst (c) and uniporous rosette-plates (r). 

Fig. 3. Cylindrical part of internode. Setana Series (Pliocene). Nakanogawa, 
Yubetu-mura, Zyuto-gun, Hokkaid6. 

Fig. 4. Expanded part of internode. Same locality. 

Fig. 5. Thin form. Same locality. 


Microporina articulata var. notoensis nov. 


Figs. 6, 7. Distal part of internode. Nanao Beds (Miocene). Iwaya, Nanao-mati, 
Noto Peninsula. 
Figs. 8, 9. Proximal part of internode. Same locality. 
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12. A Note of the Fossil Marine Fauna 
from Okinawa-Zima, Ryukyu Group 


By 


SitiH#El| NOMURA and Kotora HATAI 


(Contribution from the Institute of Geology and Palaeontology, Téhoku 
Imperial University, Sendai, Japan) [Received February 27th, 
1936; read February 29th, 1936.] 


Sometimes ago one of the authors (Nomura) received from Mr. 
K. Tsusrra, a teacher of the Okinawa Girls Normal School, a small 
lot of marine fossils, collected by him from a limestone complex 
developed in the vicinity of the city of Naha, in Okinawa-zima. 

The fossils are the following, namely; Pelecypoda: Anodontia 
bialata (Pitspry), Cardium (Nemocardium) becket Rereve, Codakia 
divergens (Puriprt), Codakia sp., Corbis sowerbyi Rervn, Dosinia 
grunert Puripr1, Macrocallista pacifica (Dittwyn), Ostrea aria- 
kensis Fusrra, Paphia (Paphia) cf. amabilis (Puiuippr), Pecten 
(Amussiopecten) praesignis Yoxoyama, Thyasira nupponica YAaBE 
and Nomura. Gastropoda: Conus capitaneus Linnanus, C. ebrneus 
Hwass, ©. fulmen Linnazus, C. gastacapi Pitspry, C. kikatensis 
Pirspry, Fusinus perplecus (A. Apams), Xenophora exusta (REEVE). 
Cirripedia: Coronula diadema (LinnaEvs). Brachiopoda: Picto- 
thyris hanzawat Yar, P. picta (Dittwyn). Echinodermata: Cly- 
peaster japonicus L. Déprrtetn. Anthozoa: Flabellum sp. 

Unfortunately since the stratigraphic position of the beds that 
yielded the fossils is unknown to us at the present time, it cannot 
be definitely stated to what geological formation they really be- 
long. There are two possibilities of equal weight, one is, that the 
fossils from the limestone complex belong to the Ryikya limestone 
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formation,” and the other is, that thy are from a different facies 
of the Simaziri Beds, a clastic formation unconformably underlying 
the Ryfkyti limestone complex just mentioned. If the latter, then 
the fauna represents a lateral change in facies of that group and 
may be safely referred to the Pliocene in age 

Among the fossils in the collection, particularly interesting 
are, Pecten (Amussiopecten) praesignis Yokoyama, Thyasira nip- 
ponica Yase and Nomura, and Coronula diadema (Lixnakvs). 

Pecten praesignis is very common in the Lower Pliocene de- 
posits of the provinces of Totémi and Tosa, and is well represented 
in the Simaziri Beds of Okinawa-zima. It is interesting in the 
fact that, (1) it is much similar to Tiyasira nipponica which will 
be stated in the next in its geological range in time, ranging from 
Miocene to Lower Pliocene in general (2) its distribution in fossil 
state is much different from that of the species, being known only 
from deposits lying either south or west of central Japan, (3) the 
short geological range and extensive distribution in southern and 
western Japan is a fact in need of consideration in dealing with 
the age.of a geological formation yielding it. 

Thyasira nipponica is distributed widely in the Neogene de- 
posits from northern to southern Japan (Byoritu Beds of Taiwan), 
but is particularly abundant north of central Honsyti. It is in- 
teresting in the fact that, (1) it is a derivative of the species T. 
bisecta, (2) its geological range is mainly from Miocene to Lower 
Pliocene, (3) .its geographical distribution in fossil state is.much 
more extensive than that of 7. bisecta, i.e. in Japan, (4) its as- 
sociated fauna in the western or southern parts of Japan is quite 
unrelated to that of its northern association, and, (5) the reference 
of this species to an age younger than the Pliocene seems unlikely. 

Coronula diadema is very common in the Lower Pliocene de- 
posits of the Kwanté region, central Japan and has been reported 
from certain geological formations (Byéritu Beds?) of the Island 
of Taiwan. 

The occurrence of Coronula diadema in fossil state is inte- 


(1) 8. Hanzawa: Geology and Topography of the Riukiu Islands. Sci. Rep. 
Té6hoku Imp. Univ. Sendai, Ser. 2. Geol., Vol. 17, 1935. 


(2) H. Yase: ‘The Middle and Upper Mizuho Period (Japanese Neogene). 
Contr. Inst. G2ol. a. Pa'aeont. Tohoku Imp. Univ. Sendai, Vol. 16, 1935 (in Japanese ). 


ee (ak ee 


ati i ee 


3388 S. Nomura and K. Harar 


resting in several respects, such as, (1) its presence indicates the 
former existence of the humpback whale Megaptera or its ancestor 
in the absence of fossil whale bones, (2) its presence in geological 
formations may aid in throwing some light on the depth of the 
seas in which sedimentation took place, and another interesting 
feature is (3) that this species is best represented in the deposits 
referable to the Lower Pliocene in age, although it is also known 
to occur in deposits belonging to the Upper Miocene in a two-fold 
division. 

Providing the fossil barnacle now being considered was not 
pushed up to near the strand line by under-tow currents and that 
the former whales which act as a host to the barnacle was not 
able to invade waters as shallow as the strand-line, the following 
may be reasonable. Of course the question arises as to whether 
the barnacle was burried at the place of death or in a place re- 
mote from the actual place of death. In the fact that the speci- 
men is not water-worn or abraded and well preserved, it seems 
quite possible if not altogether natural to believe in the category. 
This data leads in the assumption but not conclusion that the 
deposits yielding this species in good preservation were laid down 
in somewhat deep water of the littoral zone and not in the strand 
line. 

From the above, we find that the three species mentioned 
together with those not remarked upon are important in dealing 
with the age of a geological complex yielding them. Upon the 
data now at hand, it seems more reasonable to consider the beds 
yielding these fossils to be a different facies of the Simaziri Beds 
and not a part of the Rydkyd limestone complex. It is only 
natural to consider the fossil fauna as belonging to the Simaziri 
Beds upon the absence of knowledge of the stratigraphical relation- 
ship existing between the Rytiky4 limestone formation and the 
beds yielding these fossils. 

Furthermore, it seems only natural that the Simaziri Beds 
should have a limestone facies, and a limestone facies should not 
always indicate the Ry&kyti limestone formation. Lithic nature 
alone is often misleading. To be born in mind is the fact that 
reef-building corals must have existed prior to the building of the 
Rytkyt limestone, according to the latitude of the said island. 
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13. A New Fossil-Locality of Eocene Fora- 
minifera in the Upstream of 
Taroko-kyo, Taiwan 


By 
Haruyos! HUZIMOTO & Otokit:i NAGASIMA 


(Contribution from the Geological and Mineralogical Institute, Tokyo 
Bunrika Daigaku (Tokyo University of Literature and Science)) 
{Read November 30th 1935; received March 14th, 1936] 


In the middle of August, 1935, one of the authors, Nacasmma, 
traversed the mountain-range which forms the backbone of For- 
mosa, from the eastern coast (about 18km. to the north of Karenko), 
along Taroko-ky6 (=Takkiri- 

Kei) westward, across G6- | Cauternary 


kwanzan - t6ge, attaining | =)"eaere 
3 = == Falaeggene 
(Hort G) 


found a fossil which SECIS | ma ince 

to be the Crinoid-stem (Plate |- x Fossil 
16(6), fig. 16) in the limestone | 2» si 
intercalated in the Hori Gro- 


up about 1km. west of the 


Hituroku Police Station. On : ie Bey 
investigating the collection tae Colevancan gas “MOMS 
which NaGastma collected = —— 

there, Huzimoro found fos- \" 


sils of Camerina sp. and 

Glomospira sp. (?) init. According to the field observation, Naca- 
stma saw that in the neighbourhood where limestone is distributed 
containing Camerina, there develops an alternation of clayslate 
and sandstone, and about four layers of limestone 10m. in thick- 
ness at most are found in it, the westernmost layer containing Cri- 
noid fossil, and the easternmost one containing Camerina sp. East 
of the area where these layers of limestone are distributed, green 
schist about several hundred m. in thickness is found, and forms 
a striking precipice. To its east, clayslate and sandstone are dis- 
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tributed again. To the east of the Sekigahara Police Station, 
about 3km. west of the fossil-locality, a layer of conglomerate 
about several hundred meters in thickness is distributed among the 
layers of clayslate, and the whole is pressed and its pebbles are 
lenticular. The strata distributed about 4km. from Sekigahara 
to Hituroku intercalate the above-mentioned Camerina limestone 
in them and the strike is from-south to north and inclination to 
the east. This clearly corresponds to the Hori Group of Drs. YABE 


and Hanzawa.‘” 


The Hori Group consists of the Upper and Lower. Clayslate 
formations, and the former has usually been regarded as Palaeozoic 
and the latter as Mesozoic. Messrs. YABE and Hanzawa found 
Camerina sp. and Discocyclina sp. at Kunanau-sya, TydsyQ-gun, 
Takao Prefecture, and <Asstlina formosaensis Hanzawa near. the 
Police Stations in Keinan-zan and Tozenzan, Heit6-gun,. Takao 
Prefecture, both of them being found in the clayslate formation. 
Therefore, they named these two formations of clayslate the Hori 
Group, and concluded its geological age as older than Miocene, 

and the part containing the above-mentioned foraminifera fossNs 
‘to be at least representing Eocene. Lately, Dr. Hayasaxa has 
reported that he found Descocyclina and Camerina in \the, lime- 
stone near the peak of Minami-Daibu in Takao Prefecture. |, 

Our discovery of Camerina adds a new proof for the, Eocene 
theory of the Hori Group, thus certifying the theory of Messrs, 
Yase and Hanzawa. Moreover, it is the more interesting because 
the locality is far north from the place of discovery of the people 
above-mentioned. 


(1) H. Yase and $8. Hanzawa: . Tertiary foraminiferous rocks of Taiwan, 
Sci, Rep. Toh. Imp. Univ. Sendai. 2nd Ser. Vol. XIV, No. 1, 1930. 

8. Hanzawa: Notes on some Eocene foraminifera found in Taiwan, ete Sei! 
Rep. Toh. Imp. Univ. Sendai, 2nd Ser. Vol. XII, No. -2, A.. 1981. 

H. Yase: Japanese Tertiary Rocks with Higher Foraminifera (in Japanese). 
Jour. Geol. Soc. Tokyo, Vol. X XVII, No. 318, 1920. 

(2) Geological Map of Taiwan and its Explanatory Text. 1926, Geological 
Survey of Japan: Geology and Mineral Resource of Japan. 1932. 

(3) I. Hayasaxa: A Discocyclina-Limestone exposed near the. peak of 
Minami-Daibu in Takao Prefecture, Taiwan. Proc. Im». Acad. Tékyé: Vol. XI. 
1935. 
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Camerina BruciérE, 1792. (= Nummulites Lamarce, 1801) 
Camerina sp. 
Plate 16 (6), Figs. 1-11. 


Test small lenticular, planispiral, bilaterally symmetrical, in- 
volute. Test, ca. 1.2mm. in diameter and ca. 0.8mm. in thickness, 
is composed of about 5 volutions. Septa rather thick ca. ab 0.016mm. 
in the fifth volution, curving gradually backward approaching the 
periphery. There are about 22 septa in the fifth volution. The 
present species specifically indeterminable, but more or less resem- 
bles Nummulites sp. from Amakusa-sima. | 


Horizon: Eocene. 


Explanation of Plate 16 (6) 


Figs. 1-11. Camerina sp. 
Figs. I- 4. Sagittal sections. x20. Loe. about 1km west of the Hitu- 
roku Police Station, Karenko-ty6. - 
Figs. 5- 7. Axial sections. X20. Loc. ditto. 
Figs. 8-11. Excentrie sections. x20. Iioe. ditto. 
Figs. 12-15. Glomospira sp.? X20. Loe. ditto. 
1 


(Bales AGE Weathered surface of the erinoid limestone. x5 ; 


. Loe. ditto. 
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(1) Yaser and Hanzawa: Nummulitic rocks of the Islands of Amakusa. Sci. 
Rep. Toh. Imp. Univ. 2nd Ser., Vol. VII, No. 3, pp. 79, 80, Pl. X VIII, fig. 6, Pl. 
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14. On the Devonian Equator Located by 
the Growth Rate of Tetracorals 


By 
Tinc Yinc H. MA 


(Contribution from the Institute of Geology and Palaeontology, 
T6hoku Imperial University, Sendai, Japan.) 
{Received and read February 29th, 1936.] 


I measured the growth rate of Devonian Tetracorals stored 
in our Institute of Geology and Palaeontology, Tohoku Imperial 
University, Sendai and also those figured by some authors”; and 
the result is shown in an annexed table (Pl. 18 (7)). 


Discussion and Summary 


In the recent reef. building corals the annual length of growth 
of corallum or corallites in the same species or in the same genus 
is longer in warmer places where the animals lived; this may 
have also been true in the case of Palaeozoic corals. The water 
temperature in the Eurasian Continent as is indicated by the 
Devonian Tetracorals, and based upon the facts cited above, may 
have been warmest along the zone combining the districts of 
Timan and Ural, Northern Russia and the provinces of Szechuan 
and Yunnan, Southern China. Measurement of the forms in the 
genera Thamnophyllum, Prismatophyllum, Endophyllum, Cerato- 
phyllum, Keriophyllum, Dohmophyllum as well as Dzuplochone 
together with Cystiphyllum indicate that the temperature of Devo- 
nian seas of Germany and France as well as England may have 
been much colder than those cited above and Padaukpin of Shan 
States, Kusnetzk of Siberia. From the measurements of the same 
species or the forms of Thamnophyllum, Endophyllum and Cysti- 
phyllum it is assumed that the temperature of the Devonian sea 
of England may have been more or less warmer than those of - 


(1) Full details will appear in Palaeontologia Sinica, Ser. B, Vol. II, Fase. 
3, under the article “On the Seasonal Growth in Palaeozoic Tetracorals and the 
Climate during the Devonian Period.” 
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Germany and France, and that, that of Graz in Austria may have 
been somewhat colder than that of Germany; from those of Prismato- 
phyllum hexagonum (Gorpruss) and Ceratophyllum ceratites (GOLD- 
Fuss) it seems that the temperature of the Devonian sea of France 
may have been more or less warmer than that of Germany. From 
the development of the seasonal change of growth in the forms of 
Thamnophyllum, Ptenophyllum and Dialytophyllum together with 
Mesophyllum it is assumed that the temperature of the Devonian 
seas of Anatolia and Turan of Asia Minor may have been much 
colder than that of Germany; from that of Dohmophyllum tino- 
cystis (FREcH) and its variety that the temperature of Italian sea 
during that time may have been colder than that in Germany. 
‘The development of the seasonal change of growth in Campophy- 
lum lindstroemt (Freca) and Keriophyllum heterophylloides 
(FrecH) indicated that the temperature of sea water of Hunan 

nd Kwangsi of Southern China in that time may have been much 
warmer than that of Germany. From the measurements of the 
forms of Prismatophyllum, Pachyphyllum, Tahulophyllum and 
Campophyllum as well as Cystiphyllum it seems that the tempe- 
rature of the Devonian seas of Iowa, Illinois and Missouri States 
of North America may have been neither colder nor so much 
warmer than that of Germany; from those of Cystiphyllum and 
Kerwophyllum it is assumed that the temperature of the sea water 


of New York and Maryland States of North America may have 


been much warmer than that of Missouri as well as Germany 
during that time; and from that of Tabulophyllum ellipticum 
(Hatin and Wnurrrietp) it seems that the temperature of the 
Devonian sea in Mackenzie River Basin may have been much 
colder than that of Missouri State of North America. 

These above mentioned data, advanced one step more, leads 
to the following inference. : 


Devonian Equator 


This complicated subject cannot be discussed in the connection 
without drawing a rough map from the evidence cited above. As 
it was seen in the table the phenomenon of the seasonal change 
of growth is quite wanting or very feeble in development in the 
fossils from Timan and Ural in Northern Russia and Szechuan 
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and Yunnan in China, this is highly important and equally inter- 
esting as it probably indicated that the equator of the earth 
during the Devonian period may have passed near the districts 
just mentioned. It seems reasonable to assume that the positions 
of the fossil localities may have more or less migrated by later 
crustal movements of the earth and that the isothermal lines may 
have been, as at present-day, greatly influenced by various geo- 
graphical conditions. From available data it follows that the 
equator may have, in the most probability, taken the course 
shown in the accompanying map during that time at the Eurasian 
Continent. Proving that this is allowed, then the North American 
Continent may have been nearer to the Eurasian Continent at that 
time than at present. Another important evidence which should 
be given is that the water temperature of the Devonian seas of 
New York and Maryland States of North America may have been 
much warmer than those of Missouri and Germany, and that the 
sea water of Germany may have never been much colder than 
those of Iowa, Illinois and Missouri. This lead the author to assume 
that the North American Continent may have never been in con- 
tact with Eurasia during the Devonian period as imagined by 
A. WEGENER.” 

Deyonian reef corals also occur in Australia and the seasonal 
change of growth in Cystiphyllum and Grypophyllum indicates 
that the Devonian sea of Queensland may have never been colder 
than that of Germany, but materials are insufficient to demonst- 
rate whether or not the continent occupied its present position 
during the Devonian period. 

At last the author wishes to express his sincere thanks to 
Professor H. Yase under whose kind guidance this work’ was 
carried out. Thanks are also due to Mr. Y.S. Cur, geologist and 
palaeontologist of the Geology Servey of China, for sending photo- 
graphs of the Devonian corals collected by himself from Central 
China; and to Mr. Korora M. Harar for his help in English. 


(1) K6pprn und Wecrner: Die Klimate der geologischen Vorzeit,. pp. 141- 
144, Bg. 21, 1924. 
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Explanation of Plate 19 (8) a 


—Devonian Equator in Eurasian Continent and its prolongation. @Position of 
pole in Devonian period. 1. Fossil locality of England. 2 and 8. Fossil localities 
of France. 4 and 5. Fossil localities of Germany. 6. Graz of Austria. .7. Fossil 
locality of Italy. 8. Anatolia of Asia Minor. 9. Turan in Asia Minor. 10. Wes- 
tern slope of Ural in Northern Russia. 11. Timan of Northern Russia. 12. Eas- 
tern slope of Ural in Northern Russia. 13. Kusnetzk of Siberia. 14. Province 
Szechuan of China. 15. Province Yunan of Southern China. 16. Province Hunan 
of Central China. 17. Province Kwangsi of Southern China. 18. Padaukpin of 
Northern Shan States. 19. North Central Iowa of North America. 20. Illinois 
State of North America. 21. Missouri of North America. 22. New York State 
of North America. 23. Maryland State of North America. 24. Mackenzie River 
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Basin of Canada in North America. 25. Queensland of Australia. 
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ASE EIST) RBINL (85) 


ENGLAND | FRANCE | GERMAN’ ITALY R U s Sal A 
=f oss 2 eae 
5 Colina W Ural E Urat Timaa Kosnetrk 
1 Genus THAMNOPHYLLUM Prnecxe 3 
1. Thamnophyllum stachei Penecke 4.00(3) 
st 
2. Tramnophyllum cuespitosum (Gobruss) 16.00mm.(1)4  10.00(1) 6.36(1) ai None(1) 
3. Thamnophyllum carbonicum (LeBenew) 5.50(2) 12.00(1) 
- +— + 
4. Thamnophyllum munis (RoEMER) 6,25(2) 6.00(1) None (3) 
aL =} 
5. Thamnophyllum kunthi (Dames) 4.50(2) None(1) = 
s » 
6. Thamnophyllum supradevonicum PENECKE 
== 
7. Thamnophyllum bathycalyc (FRECH) 5 78(2) 
——= ahs —+ — 
it, Genus PRISMATOPHYLLUM Siapsox 


16. Pachyphyllum devoniense E. & H. 5,00(1) 


17. Pachyphyllwm ibergense (ROEMER) [S00 | 
18. Pachyphyllum woodmani (Wurrte) L 
19. Pachyphyllum crassicosiatum Wesster 
20¢ P. crassicostatum var. nenum FENTON =| = 
IV. Genus CAMPOPHYLLUM E. & ii 


— 
&. Prismatophyllum hercagonum (Govoruss) 8.00(1) 6.25 (2) s | 
9 Prismatophyllum darwini (FReci1) None(1) 15 [ 
10. Prismatophyllum sedgwicki (B. & H.) ote oneCd) 
1L. Prismatophyllum goldfussi (E. & H.) 4.60(2) None(1) 
12. Prismatophyllum pentayonum (Goupruss) 5.50(2) ie # ii 
13, P. pentagonum var. micrommata (ROEMER) 2.40(1) mei 
14. Prismatophyllum? douvillei (Prec) 
15. P.? dowvillet var. sinensis (Y. & H.) ah - 3 si 
a a | 
TU. Genus PACHYPHYLLUM E. & H. | 
7 
lh 


21, Campophyllum lindstroemi (FREcH) . 10.21(7) 
—_—__ — 8 + 

22. C. lindstroemi var, ehlersi (FENTON ) 

23. Campophyllum annulatum (Peerz) i 5.0001) 
ee — oo ———— 

24. Campophyllum dianthus (Goupruss) 10.30(5) 


a te 
Vv. Genus ENDOPHYLLUM &, & H 
25, Endophyllum bowerbanki E. & H. 5.00(1} 4.75(2) 
Ne 
26. Endophyllum abditum E. & H. 6.00(1) y 
27. Endophyllum weberi (LEBEDEW ) 5 19.50(2) 
4 


28, Endophyllum keyserlingi (LEBEDEW ) i Sire 15.00(1) 
Vi. Genus TABULOPHYLLUM Fenton : | 

29 Tadbulophyllum rectum FENTON =z 

30. Tabulophyllum rotundum Fenton = 


31, Tabulophyllum manum Penton 


32. Tabulophyllum ponderosum FENTON 


33, Tabulophyllum robustum FENTON 
34. Tabulophyllum ellipticum (H. & W.) 


35. Tabulophyllum callawayense (BRANSON ) 


; = a 
36, Tabulophyllum priscum (Frec) 7.00(1) 


Sp Unahulapkyliumidenwcehionin <uamien| | a1.00/1) 
38. Tabulophyllum bartini (CiuARves) 
39. Tabulophyllum nicolai-michaelidis (F Rec ) 


40. Tabulophyllum yunnanense (REED) 


41, Tabulophyllum birmanicum (REED) 


VII. Genus CERATOPHYLLUM Ginen 


42, Ceratophyllum ceratites (GoLpFuss) 5.50(1) 4.00(7) 11.33(3) 


VIII. Genus GRYPOPHYLLUM Wepexixp 
43. Grypophyllum gracile Wevextxp 


10.00(1) 
—- 


a: | E 
15,00(1) 

— 
20.00(1) 


44. Grypophyllum normale WepeKixp 


45. Grypophyllum timanicum (LeBeDew ) 


46. Grypophyllum sp. 
47. Grypophyllum? sp. 


1X. Genus SPONGOPHYLLUM E. & H. 


48. Spongophyllum stuckenbergi (Lesevew) 


| None(a) § 


= 


49. Spongophyllum elongatum Scnutrer 7.50(1) 
aa Bi 
50. Spongophyllum kunthi Scuviirer at 6,00(2) iL 
eS Ie 
31, Spongophyllum semiseptatum Scurirer 10.00(1) Ts ites 
= > ae = 
X. Genus PTENOPHYLLUM Websxixn 
52. Ptenophyllum vermiculare (GoLpFvss) 10.00(5) | 
ae ; 
53, P. vermiculare mut. praccursor (F Rect) 9,00(2) | 
54, Ptenophyllum heterophyllum (BE. & H.) “ 6.75 (10) 
| He —— 
XI. Genus KERIOPHYLLUM Weprxixo 
55. Keriophyllum heterophylloides (Freci) 5.00(1) | ‘ 4 
SSM Ne. be ee aa 4 is 
36. Keriophyllum proliferum (Frecu ) 2,00(1) i 
57. Keriophyllum sp. 3.00(1) 
SAEs 
| XI. Genus DOHMOPHYLLUM Webekixp . 
58. Dohmophyllum (inocystis (PREct) , 7.350(2) 
59, D. tinocysits var. carnica (Vinassa) ii 8.50(1) ils Ke nl 
60. Dohmophyllum helianthoides (Gouvruss) 5.50(1) ie . a 
=a) 
! 61. D. helianthoides var. spinudosum (Reev) ra 
62, Dohmophyllum involutum Wevexixn 4.00(1) 
i ate 
XI. Genus DIALYTOPHYLLUM Asansuauser y . 
63. Dialytophyllum simpler AMANSUACSER 4.00(1) | 
a +— a 
64. Dialytophyllum cylindricum (Scuntiren) 7.00(3) ae i 
= 
65, Dialylophyllum multiseptatum Ma wp 7.00(1) 
66, Pialytophyllum pseudoothoceras (Scwuiz) 4 11.00(2) ie | 
= 
67. Dialytophyllum complicatum AMANSHAUSER 
= Moe 
68. Dialytophyllum goldfusss (E. & H.) i 9.50(2) Te 
pl 


XIV. Genus MESOPHYLLUM Semitrer 
69. Mesophyllum mazimum Scurvirer 8.02(3) 


=a =o 
10. Mesophyllum defectum ScuuTrEK 15.00()) 


71. Mesophyllum parvum (Markoy) | 12.00()) 


72, Mesophyllum sp. 7.00(2) 


— iE —} 
XV. Genus DIPLOCHONE Frecu 


73. Diplochone striata Frecn 9.00(1) 


} | 
74, Diplochone amplezades TscuERNYSCHEW A 25,0001) 
pall Ss 
75. Diplochone intermedia Tscueenysciiew 15.00(15 
r Se — + 


XVI. Genus CYSTIPHYLLUM Lonspace 


"76. Eystiphyllum pseudoseptatum Scucrz 5.30(2) 4.18(4) 
~ nes 
i = 
77, Cystiphyllum vesiculosem (GoLbe uss) 6.17(17) | 13.0001) $8.00(1) o 
78. Cystiphyllum salairicum Peeve 12.35(2) 
see i 4 Sioa 
79 Cystiphyllum nesterowskii (Peerz) i ai 15,9001) | 
a0. Cystiphyllum cristatum Precn ‘ 13,50(1) None() 


81, Cystiphyllin fascrculatum Swartz 


62, Cystiphytlum conifollis Tau aS i 


4) Number of samples und figures exammed 15 given in bracket 
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2.50(2) | 450(1) None(1) feaarT | | 
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River 


att = Se ss 
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- ai | 9000) i - é : 

4 ~=" } | ¥ 

Saas a 7 
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att 

aa 
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alge a 
Bas 5 


7.00(6) 

te a= 

18,00(2) 
18.00(2) 
; ot 
| + 
8.50(2) 
4 
| | ie i 28.13(4) 7.00(1) d 
| | 000 ae 
Seis 

i . 


a E a 
None(1) : 


—t} 


15.00(2) 


—- oe ; 
as 14.00(1) ; 


| [ 
a d fs 


| oe 
| 9.00(1) 


[ : 
: are ae = 
4 20,00(1) 1 fs ea . 
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}  3.70(1) 
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15. Pseudononion, a New Genus of Foraminifera 
found in Muraoka-mura, Kamakura-gori, 
Kanagawa Prefecture 


By 


ed 


Kiyos! ASANO 


(Contribution from the Inst. of Geol. and Palaeont., TOhoku Imp. 
Univ., Sendai, Japan) 
{Read February 29th, 1936; received April 4th, 1936] 


In a recent study of the fossil foraminifera from Muraoka- 
mura, Kamakura-géri, Kanagawa Pref., the following new genus 
has been found. 


Genus Pseudononion Asano, n. gen. 


Genoholotype, Pseudononion- japonicum ASANO, n. sp. 

Test free, bilaterally asymmetrical, dorsal side partially involute, leaving pre-; 
vious whorls uncovered, ventral side completely involute, having no elongate lobe 
at the umbilicus; chambers numerous, earlier ones only visible on one side of 
test; wall calcareous,-finely perforate; aperture a narrow slit at base of apertural 
face. Pliocene-Recent. 


This new genus was derived from a planispirally involute 
form, probably Nonion™, by an asymmetrical arrangement of the 
later chambers; already in Nontionella”, a distinct, elongate lobe 
is developed at the umbilicus on the ventral side of the test. It 
is now represented by a single species P. japonicum, the genotype 
which is common in the Late Tertiary and Recent materials of 
Japan. 


Pseudononion japonicum Asano, n. sp. 


Test asymmetrical, depressed, dorsal side slightly convex with all 
coils visible, ventral side with only the last-formed coil visible, periphery 
subacute ; chambers distinet, 10 to 12 in adult, having no elongate lobe 
extending over the umbilicus on the ventral side; sutures distinct, slightly 
cepreset, senuly curved ; wall pal Ss gee a narrow slit 


i) 2) Smee PSERInICom, Their Classification and Economic Use, 2nd 
Ed 1933, p. 192. 
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at the base of the apertural face. 

Length 0.40mm.; breadth 0.25mm.; thickness 0.1 min. 

Holotype (Inst. Geol. & Pal., Tohoku Imp. Univ., Reg. No. 21362) 
from Muraoka-mura, Kamakura-géri, Kanagawa-Pref. 


Pseudononion japonicum n. sp. x60. 
A. Ventral view B. Dorsal view C. Apertural view 


15. 4 SL Bk — $f UB Pseudononion Gai 3) 
i UF is 
MAS RSE ES AAS OAS EAE 45 AT FLERE © HAR, 8 PO MPHE ze BENL, WES DO FAIS, BK 
RCH A EFS, COMO 1 MUL, BEICHMKS re SMES BIC LM Be For 
& & MALY 6 TROT VER D FIC HH ~Pseudononion *& fifa, Pseudononion japonicum 


ASANO BWOCHERPLL DT RICH OM, Me IL, HOBoO®S~X Nonioni- 
dae Flip Ope & ii U7 % OCHS— 
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16. The World-Wide Distribution of the 
Ribeirioid in the Ordovician Period 


By 
TelcH! KOBAYASHI 


(Contribution from the Geol. Inst., Imp. Univ. Tokyo.) 
{Read on April 3rd, 1936; received on April 6th, 1936] 


1. Nomenclature and Taxonomic Position. 

2. Technophorus and Ribeirella. 

3. Ribeiria (?) Prosseri CLARKE. 

Technophorus from South America. 

The Lower and Middle Cambrian progenitor of the Ribeirioid. 
Geological and Geographical Distribution of the Eopteridae. 

As to the Migration and Evolution of the Cambro-Ordovician Life. 
Acknowledgement. 


CORT 


1. Nomenclature and Taxonomic Position: —Since a revision 
on this problematicum ‘had been presented in my previous paper™, 
a new genus, TZ’olmachovia, was established by Howern and my- 
self? with Tolmachovia concentrica Howritn and Kopayasni as 
the genotype. The family name, Ribeiridae, is replaced here by 
the Eopteridae Mirter® on account of priority. The choice be- 
tween the Eopteridae and Technophoridae which were established 
by the same author likewise is simply based on the reason that 
the former name stands prior to the latter. 

No substantial argument as to the taxonomic position of the 
group has been advanced except for ScHuBerr and WaAaGEN’s com- 
parison” of Ribeiria to Apus which most palacontologists are 
following now. <Apus may be the nearest animal now we can 
think of, but Liberia is still quite distinct from Apus in the folding 
of carapace and absence of posterior truncation. On the other 


(1) T. Kopayasur (1933), Faunal Study of the Wanwanian (Basal Ordovician) 
Series with Special Notes on the Ribeiridae and the Ellesmereoceroids, (Jour. 
Fac. Sci., Imp. Univ. Tokyo, Sect. II, Vol. III, Pt. 7.) 

(2) B. F. Howriy and T. Kopayasni (1936) A New Notostracan Genus from 
the Ordovician of Siberia, (Ann. Carnegie Mus. Vol. X XV.) 

(8) S. A. Mriuer (1889), North American Geology and Palaeontology, p. 458. 

(4) R.J. Scauperr and I. WaaGeEn (1903), Die untersilurischen Phyllopoden- 
gattungen Ribeiria SuaRpr and Ribeirella, nov. gen., (Jahrb. k. k. geo]. Reichesans- 
talt. Bd. LI.) 
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hand the Eopteridae is a solid family in itself. 
carapace and the concentric or radial marking on the surface are 


the additional natures 
of significance. 

2) Ribeirella and 
Technophorus:—In Bas- 
SLER’s Index” Ribeirella 
is considered a synonym 
of Technophorus™, but 
there are diffe- 
rences which can hardly 
be overlooked. In Tech- 
nophorus (fig. 8) the 
keel is very strong and 
frequently grooved along 
the middle, and behind 
it. a large wing is pro- 
duced back, while in 
Ribeirella the keel is 
close to the 
postero-dorsal margin. 
Internally the anterior 
clavicle is vertical and 
strong, but neither clavi- 
cle nor callosity appears 


some 


running 


behind the beak in 
Technophorus whereas 
in Riberrella there is 


some callosity of mode- 
rate strength behind the 
beak it is united 
with anterior clavicle by 
a concentric ridge. By 
the nature of its single 
clavicle Technophorus 


and 


T. Kopayasat 


The calcareous 


7 


Schizopecten Prosseri (CLARKE) 

Figs. 1-2. Photographs from the type specimens 
in the New York State Museum at Albany, N. Y. 

Figs. 8-4. Reproductions from the Cruarkr’s il- 
lustrations of Ribeiria ? prosseri. 
Technophorus otaviensis KOBAYASHI (noy.) 

Figs. 5-7. Types kept in the Geol. Inst., Univer- 
sity at Freiburg i. Br. 
Technophorus fabert MILLER 

Fig. 8. Photograph from the type specimen kept 
in the U.S. National Museum at Washington, D. C 


(1) R.S. Bassner (1915), 


Bibliographic Index of American Ordovician and 


Silurian Fossils, (U.S. Nat. Mus. Bull. 92), p. 1257. 
(2): E. O. Unrice (1892), New Lower Silurian Lamellibranchiata chiefly from 
Minnesota Rocks, (19th Ann. Rep. Geol. Nat. Hist. Surv. Minn.) 
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should be excepted from the Ischyrinae. 

It may be true, however, that Ribeirella merges in some cha- 
racters into Vechnophorus on one hand and into Ribeiria on the 
other which in turn approaches Wanwania. 

Finally, it is noted that in my observation upon the type 
in the U.S. National Museum Technophorus ? yoldiformis (ULRiIcH)™ 
has two adductor scars which are connected by a simple pallial 
line. Further, the anterior clavicle is very weak and the carina- 
tion is quite unlike the Technophorus type. This is in my belief 
undoubtedly a pelecypod, probably belonging to Nuculites or its 
allied genus, as once referred by Utricn himself. 

3. Ribeiria ? prosseri CLARKE:—Shell very thin and slightly 
convex; hinge margin V-shaped with an angle of 150 degrees at the 
beak; rest of the margin somewhat ovately elliptical, expanded back-_ 
ward; two ribs on the surface, the anterior one close to the anterior 
hinge margin, and posterior one in the same line with that margin 
and marking off a large wing whose posterior edge is slightly 
sinuated as in Aviculopecten; surface ornamented by weak con- 
centric lines of growth. ; 

Internally two narrow and short ridges diverge from the beak ; 
the anterior one close to and inside of the anterior rib; the pos- 
terior one stronger and coursing inside of the posterior rib with 
an angle of about 30 degrees between ; along the hinge margin a 
narrow groove runs as commonly seen in the Pectinidae. 

As the cotypes are depressed to some extent, the original 
convexity of the valves cannot be figured out. In one cotype a 
radial groove is observed, dividing the angle between the posterior 
rib and internal ridge, but we cannot be sure whether or not, this is 
the original feature, because no trace of the groove is seen in the 
juxta-position of the another cotype which is less deformed. 

The hinge groove alludes to the fact that the shell had been 
hinged with another along the margin. The V-shape of the 
hinge margin is uncommon in pelecypods, but it is instead found 
in Entoliwm. The pair of internal ridges might be compared 


(1) E.O. Urrica (1879) Jour. Cincinnati Soc. Nat. Hist. 2, p. 24, pl. 7 fig. 20. 

(2) E.O. Uxricn (1893), New and Little known Lamellibranchiata from the 
Lower Silurian Rocks of Ohio and Adjacent States, (Geol. Sury. Ohio. Vol. VII.) 
p. 685, pl. 47, figs. 15-14. 
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with those of Amusium. Although it is very vaguely represented, 
there is a round spot impressed inside of the anterior rib, and if 
this spot is a trace of the adductor scar, it might be monomyarian. 

CLARKE” provisionally compared this species to Technophorus 
and Ribeiria, but for the first place it is neither a Technophorus 
nor a Ribeiria without question, because the external and internal 
aspects are quite different from either one of them. Because of 
the aspect of the hinge this species cannot be included in the 
Eopteridae. 

The chance may be among the bivalved crustaceans. As no 
trace of the irregular striation across the concentric ribs and 
interspaces can be seen at all, E'stheria is out of the comparison. 
In the outline Leata Jones and Schizodiscus CLARKE non. Krrr are 
not unlike this form, but the radial ribs of Leatia are sharp and 
—tubereulated and the concentric ribs of Schizodiscus acutely roof- 
shaped. The present form has some concentric folds, but they 
are nothing like these concentries of Schizodiscus. Thus, I failed 
to find any sufficient reason to bring this form into the Crustacea. 

On the other hand the essential characters, external and 
internal, are comparable to those of the monomyarian pelecypod, 
such as Pteriidae and Pectinidae, but the outline, especially 
the V-shaped hinge margin and two keels are significant natures 
through which this form fails to fit into any described genus. 
Therefore, taking Ribeiria ? prossert (figs. 1-4) for the genotype, 
here is established a new genus Schizopecten. 

4) Technophorus from South America:—In the revision on 
the Cambro-Ordovician material from South America studied by 
Horx I found a TVechnophorus collected from a late Middle (?) 
Ordovician sandstone of Otavi, Bolivia, which is described as 
follows:— “ 


Technophorus otaviensis, new species. 
Figures 6-7 


Carapace semi-circular in the anterior half and subtriangular in the posterior; 
umbo located at about one-third from the anterior end; obtuse plication running 
along the postero-dorsal margin ata short distance from it; basal margin gently 
situated in front of the plication; surface marked by concentric ribs. A 


(1) J. M. CrarKke (1904), Naples Fauna in western ‘New York, (Mem. N.Y. 
State Museum 6), p. 406, expl. pl. 
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This is quite distinct from the multiplicate forms or those 
with a median groove on the plication as Technophorus su! acutus 
Ureicy,” T. plicata, (Brrtanes),” and 7. punctostriatus Unrica 
var. quincucialis Forrsts.” The plication is not so sharply ele- 
vated as in TY. divaricatus Unricnh and T. filistriatus Unricn,” 
nor is it provided with a groove on each side as 7’. fabert Minuer.” 
The concentric ribs vary their strength according to individuals, . 
but none are cancellated as 7. cancellatus Rusepemann.”” T'. ex- 
tenuatus UtricH” is distinct from this by the acute bend of the 
posterior outline. These distinctions indicate that this species is 
a new one. 

5. The Lower and Middle Cambrian progenitor of the Eopte- 
ridae:—None of the Notostracan genera known from the Burgess 
shale reveals close similarity to the ribeirioid. Shafferia Watcorr™ 
(Shafferia cisina Watcorr ; Lower Cambrian of British Columbia) 
has a folded carapace in which respect it is allied to the ribeirioid. 
It has, however, a deep notch and its test has irregular ridges 
which are never seen in the Eopteridae. -Watcorr suggested its 
similarity to Burgessia and at the same time noted the distinction 
in the thick test with the characteristic surface marking. 

Heraultia® is grouped with Stenotheca in an unnamed family 
of the Notostraca by Copporp. Stenotheca itself is a problematicum 
referred variously to Gastropoda, Pteropoda, or Phyllopoda. It is 
widely distributed in the Lower and Middle Cambrian of North 
America (British Columbia, New ‘York, Mass., Quebec, New Brus- 

(1) E.O. Unricm (1897), The Lower Silurian Lamellibranchiata of f Minnesota, 
(Geol. Minn. Vol. III, Pt. II.) p. 614, pl. XL, figs. 30-34. 

(2) W.T. TwenHoFEL (1928), Geology of Anticosti Island, (Men. Geol. Surv. 
Ottawa, 154), p. 340, pl. XVI. fig. 8. 

(3) <A. F. Forrsre (1914), Notes on the Lorraine Faunas of New York and 
the Province of Quebec, (Bull. Sci. Lab. Denison Univ. Vol. XVII), p. 316, pl. II, 
figs. 13a-b. 

(4) Unricw (1897), Op. cit. p. 615, pl. XL, figs. 35-36; p. 611, pl. XL, figs 37-38. 

(5) S. A. Mitter (1889), North American Geology and Paleontology. p. 514, 
ie yi R. Revpemann (1901), Hudson River Beds near Albany etc. (Bull. N. Y: 
State Mus. Vol. 42), p. 572, pl. I, figs. 19-25. 

(7) Ulrich (1897), Op. cit. p. 614, pl. XX XVII, fig. 34. 
(8) ©. D. Watcort (1917), Fauna of the Mount Whyte Formation, (Smiths. 
Misc. Coll. Vol. 67, No. 3,) pp. 71-72, pl. 15, figs. 2, 2a. 


(9) E.S. Copporp (1935), Lower Cambrian Faunas from Herault, France, (Ann 
Mag. Nat. Hist., Ser. 10, Vol. XVI,) pp. 37-38, pl. II, figs. 1-10. 
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wick and Newfoundland) and northern Europe (England and 
Sweden). A dubious one from the Wanwanian of South Manchuria 
and another from the Black River of Wisconsin are exceptions. 
Through the renewed study on the genotype, Stenotheca cornucopia 
SatrEer, Coppoip™ placed it provisionally in the Notostraca in 1934 
and subsequently in 1985 he tied up the following four in a group 
(the genotypes and geological and geographical distributions are 
cited in: brackets );— 

Pseudotheca Repwicu, 1901. (Stenotheca rugosa aspera NOETLING i.e. Pseudutheca 
waagent Repiicn; Middle Cambrian of India.) 

Lapwortiella Connon, 1920. (Lapwothella migra Coppotp; Late Lower Cam- 
brian of Comley in England and (?) Middle Cambrian of Kashmir.) 

Heraultia Coprorn, 1935. (Heraultia varensalensis CoppoLp ; Lower Cambrian 
-of Herault, Southern France.) 

Stenothecopsis CopBoLD, 1935. (Stenothecopsis heraultensis CosBoLp ; Lower Cam- 
brian of Herault, South France.) 

Further the following two are regarded to be suggestive of some 
relationship to this group:— 

Watsonelia GRaBav, 1900. (Watsonella crosbyi Grapau; Lower Cambrian of 
Boston Basin.) 

Helcionella Grapavu and Sarer, 1909. (Metoptoma? rugosa Hatt; Lower 
and Middle Cambrian of Eastern Asia and North America.) 

The outline of the carapace varies among the genera. It is 
pyramidal and curved in Stenothecopsis and Lapworthella. Steno- 
theca is a low cone with a reflexed apex, or even coiled like 
Pelagiella, but the coiling is in a plane in Slenotheca. Among 
these genera the aperature varies considerably and the surface has 
frequently folds or ridges which are usually concentric and not 
radial in some of the ribeirioids. Th» test of carapace is phos- 
phatic in Heraultia and the outer layer of the carapace is chito- 
nous.in Lapworthella, while the shells, so far as the Asiatie ma- 
terial concerns, the carapace of the Eopteridae is calcareous. 

So far as I am aware, the most allied form to Ri'eiria is 
Heraultva. Both co'ncide quite well in the general outline, espe- 
cially in the folded carapace with a reflexed apex and nearly 
smooth surface of the test, but the material of the carapace is 
quite distinct. Further, nothing is known of the interior of Her- 


(1) EK. 8. Copsontp (1934), The Camb ‘ian Genus Stenvotheea, (Geol. Mag. Vol 
LXXI.) pp. 463-468, pl. X XIII. 
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aultia. The whole Lower and Middle Cambrian group including 
Heraultia are very small in comparison with the Eopteridae. 

Although no Middle Cambrian linking form has as yet been 
discovered, the Eopteridae may be developed from Heraultia or its 
allied form, and a great change of carapace which is accountable 
of the difference between Heraultia and Ribeiria is expected to 
happen in the Middle Cambrian. 

6. Geological and Geographical Distribution of the Eopte- 
ridae:—Since the time I made a revision on the ribeirioid, I 
descrided two species from South Chosen which are Ribeirta (7) 
coreanica Kopayasut from the Clarkella zone of Saishori, Jotomen, 
Neietsu-gun, Kogen-do™ and Hopteria (?) trilobita Kopayasut from 
the Tsuibon beds of Kochiri, Jochyomen, Sanchoku-gun, Kogen- 
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Map showing the distribution of the ribeirioids and related forms. 

OO Lower and Middle Cambrian fossil locality 

H Heraultia Se  Stenothecopsis 

L = Lapworthetla St Stenotheca 

Ps Pseudotheca, 
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El 


Buchasma R Ribeiria 
Euchasmella Rl Ribeirella 
Ea Lopteria TL) Tolmachovia 
Ei Loischyrina W Wanwania 
Pe Pseudoeuchasma Wh IWanwanella 
Pt Pseudotechnopholus Wad Wanwanoidea 
x Middle and Upper Ordovician fossil locaity 
T Technophorus I Lschyrinia 


(1) T. Kopayvasat (1934), Cambro-Ordovician Formations and Faunas of South 
Chosen, Palaeontology Pt. II, Lower Ordovician Faunas, (Jour. Fac. Sci. Imp. 
Univ. Tokyo, Sect. II, Vol. III, Pt. 9.) 
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do.” The latter species is rather dubious, but if it is really a 
ribeirioid, it must be a new genus. The former is a ribeirioid 
without question and through reexamination I have found it re- 
ferable to Ribeirella. Trorat® reported the occurrence of Ribeiria 
and Ribeirella in Southern France. Recently I had an oppor- 
tunity to study jointly with Prof. B. F. Howerr at Princeton 
University, some early Palaeozoic fossils from the Katanga and 
Anabar regions in Siberia, collected by Dr. I. P. Tormacnorr of 
the Carnegie Museum, among which we found seven species of 
ribeirioids distributed in Wanwania, Ribeiria, Eopteria, Ischyrinia 
and Tolmachovia.” 

As suggested in a recent paper of mine,” an unnamed form 
used to be considered as a bivalve from the brachiopod fauna of 
Table Cape conglomerate in Tasmania is, so far as the illustration 
is concerned, quite possibly a Ribetrella. Further, as described 


in the preceding page, Technophorus is found in South America. 


Thus, the distribution of the family is now almost world-wide; 
although it has not yet been uncovered from the Ordovician of the 
polar regions. Geologically speaking, it appears first in the Upper 
Cambrian of Eastern Asia ; subsequently, in the Lower and Middle 
Ordovician it spread not only into Europe and North America, 
but also southwardly into Australia and northwardly into Siberia. 
Then the center of distribution was shifted from the Pacific side 
to the Atlantic and extended into South America. The exclusion 
of Ribeiria (2) prossera confines the family range to a duration 
from Upper Cambrian to Ordovician. Ischyrinia would be the 
latest survivor and with it the family disappeared completely in 
the Atlantic region. The family is therefore can be said to be 
one of significances in the Ordovician biota. 


(1) T. Kopayasar (1934), ibid. Palaeont, Pt. I, Middle Ordovician Faunas, 
(Jour. Fac. Sci. Imp. Univ. Tokyo, Sect. II, Vol. III, Pt. 8.) 

(2) M. Trorax (1935), Contribution 4’ Etude Paléontologique de l’Ordovicien 
inférieur de la Montagne Noire. Montpellier. 

(3) B. F. Howetn and T. Kopayasur (19383), New Cambrian and Ordovician 
Faunas from Northern Siberia, (Abstract), (The Geol. Soe. America, Preliminary 
List of Titles and Abstracts of Papers to be offered at the 46th Annual Meeting 
Chicago, Illinois.) p. 73. 

(4) T. Kopayasnutr (1936), Three Contributions to the Cambro-Ordovician Fau- 


nas, II, Notes on Some Ordovician Faunas of Tasmania, (Japan. Jour. Geol. Geogr. 
Vol. XIII,) p. 182, 
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7) As to the Migration and Evolution of the Cambro-Ordo- 
vician Life : —Volborthella® which is considered as a progenitor 
of the cephalopod by some authors is widely distributed in the 
Lower Cambrian of the Atlantic province. After a large blank 
of the Middle Cambrian page we meet with the true cephalopod, 
Plectronoceras™ which appears in thé Upper Cambrian of Eastern 
Asia. Subsequently, in the Lower Ordovician the ellesmereoceroid 
develops considerably in the Pacific realm. Such an aspect of evo- 
Jution is quite similar to that of the Eopteridae. The forerunner of - 
the Eopteridae is found in the Lower Cambrian of the Atlantic 
realm, but the true ribeirioid appears first in the Upper Cambrian 
of Eastern Asia. Between the Upper Cambrian and older ones is 
seen a considerable difference in size and other natures in the 
cases of the Eopteridae as well as the Plectronoceratidae. This 
appears to suggest that the animal, in entering one realm to an- 
other, was required a great transformation to adapt in the new 
enviroment, but if adapted, its successor enjoys the flourishment. 

With a contrast to the provincial nature of the Lower Cam- 
brian faunas, some definite communications between the Atlantic 
and Pacific oceans are indicated by the common occurrences of 
Conocoryphe, Dorypyge and Protolenus in the Middle and late 
Lower Cambrian periods.“ Such demonstrates the chance offered 
to Volborthella and Heraultia to send their successors to the Pacific 
region. 

It may be true that several evolutional lines happen to origi- 
nate in the Atlantic province in one period and migrate and 
develop in the Pacific in another, or vise versa. The Dikelocepha- 
lidae™ is the latter example which appears first in the Pacific in 


(1) O. H. ScarnpEwo Lr (1954), ne und systematische Stellung der Gaitune 
Volborthella Schm. (Palaeont. Zeitsch. Bd. 16.) 

(2) T. Kopayasuy (1935), On the Phylogeny of the Primitive Nautiloids, with 
Descriptions of Plectronoceras, liactungense, new species, and /Jddingsia (?) shan- 
tungense, new species. (Japan. Jour. Geol. Geogr. Vol. XII.) 

(3) T. Kopayasnt (1935), The Cambro-Ordovician Formations and Faunas of 
South Chosen, Palaeontology Pt. III, Cambrian Faunas of South Chosen with 
a Special Study on the Cambrian Trilobite Genera and Families. (Jour. Fac. 
Sci, Imp. Univ. Tokyo, Sect. II, Vol. IV, Pt. 11.) 

(4) T. Kopayasut (1936), Three Contributions to the Cambro-Ordovician Fau- 
nas, J. The Dikelokephalininae (nov.) its Distribution, Migration and Evolution, 
(Japan. Jour. Geol. Geogr. Vol. XIII.) 
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the late Middle Cambrian period and dominates in the Upper 
Cambrian in the same province. Since the late Upper Cambrian 
the Dikelokephalininae takes a constant eastward route from the 
maritime province of North America and comes back to the west- 
ern Pacific through Europe and Himalayan trough in the Lower 
Ordovician period. 

These three examples coincide in the direction of the migra- 
tion. Future researches may bring out the examples of westward 
migration. Anyhow the migration of the marine animal is evidently 
controlled by the oceanic current, and therefore such examples 
might suggest something of the oceanic current, and consequently 
the rotation of the earth, in the remote past. 
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